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Genomic Landscape of Cancer

The Cancer Genome Atlas (TCGA) project, established in
2005, 1s a comprehensive and coordinated effort to accelerate
our understanding of the molecular basis of cancer through
the application of genomic technologies.
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The molecular biology of Bladder Cancer

Distribution of mutations 1n 127 Significantly Mutated Genes
(SMGs) across Pan-Cancer cohort.
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Non-Muscle Invasive

Shin et al, Nature Cell Biology 2014

Muscle Invasive
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Genomic 1nstability, chromosomal alterations
and allelic loss in BLCA

* Non-muscle invasive BC have near-diploid karyotype and few
genomic rearrangements.

* Muscle-invasive BC commonly have
— Chromosome number changes: aneuploidy
— Chromosomal alterations, translocations and chromothripsis
— Non-homologous end-joining, error-prone double-strand break repair
— Inactivating mutations
* DNA repair
* DNA damage checkpoint genes

« Chromatin and epigenetic modifiers: ARIDA1, CHD6, CREBBP, EP300,
MLL1, 2 AND 3, NCOR1, KDM4, 6A



WHAT ARE WE MISSING ?

How do we study
Bladder Cancer?



20 microarray gene model for classification
of risk in BLCA failed
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In larger datasets, 20 genes

* Failed to identify specific
markers

* Failed to identify common
drivers

Smith et al, Lancet, 2011
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Comprehensive molecular characterization
of urothelial bladder carcinoma

The Cancer Genome Atlas Research Network*

131 non-treated muscle invasive BLCA

186,260 exons and 18,091 genes

Mean coverage of 100-fold, 82% target bases covered >30X.
MuTect 1dentified 39,312 somatic mutations

— Mean and median somatic mutation rates of 5.5/ 1 Mb

Average

302 total mutations (slightly < than lung and melanoma)

204 segmental alterations in genomic copy

22 genomic rearrangements per sample

277 amplified and 30 deleted recurrent somatic copy number alterations (CNAs)

TCGA Nature. 2014 Jan 29.



Genomic Landscape of Bladder Cancer
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Genomic Landscape of Bladder Cancer

Mutual exclusivity correlations.

I_ . Exclusivity and Co-occurrence in Mutations and SCMNAs

genel gene? pval qval
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P53 + MDM2 ~80% of tumors

MLL1,2 + KDM6A in ~ 70% of tumors

Guo, Nickerson at al, Nat Genet.45: 2013.



Mutation hot spots in BLCA
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Chromatin Modifiers

'READER’
recognizes and
WRITER' recruits 'ERASER'
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Is KDMG6A a tumor suppressor in BLCA?
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SUMMARY-PART 1

Microarray analysis using gene expression did not identify common markers
Most frequent mutations are not in “driver” genes:
Muscle invasive BLCA have >5 mutations/tumor

The most prominent group of genes after p5S3/RB1
are Chromatin Modifiers: KDM6A, MLL1,2,3, ARID1A, EP300, NCOAI

Chromatin Modifiers are mutually exclusive with MYC, P53, RB1, PI3KCA
suggesting overlapping functions



WHAT ARE WE MISSING ?

How do we study
chromatin modifications?



Genome-wide analysis of Chromatin Landscape by
enzymatic digestion of intact chromatin: identification of
DNAse I Hypersensitivity sites (DHS-seq)

DNA binding
proteins
Gene Txn
nucleosome ;:741' W/\VZ

Regions hypersensitive to DNAse |
Promoters
Enhancers
Silencers
Insulators
Locus control regions

Each cell type will have a unique landscape signature



Genome-wide analysis of Chromatin Landscape by
enzymatic digestion of intact chromatin: identification of
DNAse I Hypersensitivity sites (DHS-seq)
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Genome-wide mapping DNAse I hypersensitive sites
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Cell Specific Chromatin Structures
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Tumor progression analysis by DHS-seq

2 T24T selected in vivo for metastasis

Muscle Invasive T.24 : to lung and liver

Grade 3 BLCA |1\on-fumorigenic in vivo
&

¥

T24T

Tumorigenic, low
metastatic potential

FLT3 SLT3 FLT3 and SLT3
Metastatic to Metastatic to | No difference in vitro
Lung Liver Specific metastasis

Bladder cell lines selected in vivo allow us to understand the
changes in DHS landscape during tumor progression and metastasis.

Dan Theodorescu, U. CO



Exon sequencing mutations

* ™
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Nickerson, NCI and Theodorescu, U. CO



Genome-wide analysis of Chromatin Landscape by
DNAse I Hypersensitivity sites (DHS-seq)
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Varticovski, 2015



Genome-wide analysis of Chromatin Landscape by

DHS-seq
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Is DHS-seq on BLCA comparable
to the gene expression by microarray?

Tools:

DHS-seq cell lines
Microarray analysis at similar growth characteristics

Procedure:
1. Analyze Microarray by Ingenuity pathway (IPA)
using all known published data
1. Analyze each cell type unique genes within 50kb of DHS
2. Build overlapping and unique pathways for each type of analysis.



Identification of biological pathways 1n
progression to metastatic phenotype by
analysis of changes 1n global chromatin landscape

Merging DNAse I hypersensitivity and microarray using
Ingenuity Pathway Analysis (IPA)

“* Analyze Microarray by Ingenuity pathway (IPA)
using all known published data
% Analyze genes within 50kb of each DHS, unique for each cell

\/

¢ Build pathways DHS and overlap with gene expression



Conclusions

Chromatin remodeling enzymes emerged as a major group of
genes involved 1n cancers

— specifically in those that lack the known ““driver” mutations
DNAse I hypersensitivity (DHS-seq) permits analysis of
unbiased chromatin landscape

— Specifically useful in analysis of tumor progression

— Can identify specific TF binding motifs

— Drug response?
DHS-seq could provide specific signature of tumor type

— Diagnostic/staging potential

BLCA cell lines with metastatic progression

— Unbiased analysis of DHS in enhancers identified metastatic site
— Network genes involved by DHS correlate with expression data
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